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We have made an ab initio investigation of electron-phonon interaction and superconductivity in the borocarbide superconductor
ScNi2B2C adopting the body-centered tetragonal LuNi2B2C-type of layered crystal structure. The calculated electronic structure and
density of states suggest that the bonding is a combination of covalent, ionic and metallic in nature and that the Fermi level falls
in one of the peaks in the electronic density of states. Our electron-phonon interaction calculations suggest that the mechanism for
superconductivity is heavily governed by interactions of electrons with acoustic phonon modes and low-frequency optical phonon modes,
which strongly modulate NiB4 tetrahedral bond angles. By integrating the Eliashberg spectral function, the value of average electron-
phonon coupling parameter is found to be 0.93 and the superconducting critical temperature is calculated to be 16.28 K, in excellent
agreement with the experimentally reported value of 16.0 K.
1 Introduction
The nickel borocarbides RNi2B2C (R = Y, Lu, Sc, Tm, Er, Ho, and Dy) have received much interest due
to their interesting physical properties [1–30]. Many of these compounds exhibit superconductivity with
superconducting temperatures (Tc) as high as 16.5, 15.6 and 16.0 found for the Lu [12], Y [12] and Sc [15]
compounds, respectively. Some of these borocarbides (HoNi2B2C, ErNi2B2C, TmNi2B2C, DyNi2B2C) [4,
5, 8–10, 20, 22–24, 28, 30] exhibit, however, antiferromagnetic ordering with the Ne´el temperature (TN )
comparable to Tc. Due to the wide range of TN , together with relatively high values of Tc, there are better
chances of finding the interplay between magnetism and superconductivity in these systems. Their structure
basically contains NiB4 tetrahedra between layers of RC with a rocksalt structure and where the Ni-B
bond generates a corrugated plane. To clarify the superconducting properties of YNi2B2C and LuNi2B2C,
countless band structure calculations [31–43] have been performed for these borocarbides. Although their
structure resembles that of the cuprate high-temperature superconductors, theoretical band structure
calculations for YNi2B2C and LuNi2B2C foresee a three-dimensional electronic structure with considerable
contributions from all atoms to the metallic character of these compounds [31–43]. A characteristic feature
of the borocarbide superconductors is the existence of a flat band near the Fermi level, which causes a peak
in the electronic density of states and thus leads to an enhancement of the superconducting correlations
present in these materials [31–43]. For example, in the compound LuNi2B2C [43], the corresponding flat
band, which is Ni-d derived, coincides with the Fermi level along the Γ-X ([110]) symmetry direction of
the Brillouin zone. Furthermore, Mattheiss, Siegrist, and Cava [32] conclude that superconductivity in
YNi2B2C and LuNi2B2C can be related to a conventional electron-phonon mechanism that couples the
sp-like conduction electrons to a high-frequency boron A1g phonon mode in which the boron atoms vibrate
along the z axis relative to the remaining atoms. However, detailed information on phonon spectrum is
a prerequisite for making a more persuasive conclusion. Thus, in 2005 a density functional perturbation
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approach was used by Reichardt et al [44] for investigating phononic and electron-phonon interaction
properties of YNi2B2C. The prediction of Mattheis and co-workers [32] of involving the zone-center A1g
mode is affirmed by the work of Reichardt et al [44]. However, they mention that the coupling of this phonon
mode with electrons diminishes rapidly with increasing wave vector [44]. Furthermore, they find that the
contribution of the A1g mode to the average electron-phonon coupling parameter (λ) is only 4% [44]. On
the other hand, about 70% of λ comes from the nine lowest branches [44]. This implies that low-frequency
optical phonon modes and acoustic phonon modes are more involved in the process of scattering of electrons
than high frequency optical phonon modes, which result from the vibrations of B and C atoms. Recently,
we have presented first-principles calculations of the band structure, the phonons and the electron–phonon
interaction in superconducting LuNi2B2C (Tc around 16 K) within the framework of the the generalized
gradient approximation of density functiona theory [43]. This recent work [43] also shows that the strong
coupling of the high-frequency boron A1g phonon mode to the s-p band near the Fermi level mentioned
by previous theoretical calculations [32, 33] does not seem to be essential either, though it makes some
contribution to the superconductivity in LuNi2B2C, since the contributions from B and C to the density
of states at the Fermi level N(EF ) are much smaller than that from Ni. In other words, a large N(EF ) is
contributed mainly from Ni atoms and the partially strong electron-phonon coupling together account for
Tc around 16 K [43].
Although considerable progress has been made towards experimental measurement and description of
superconductivity in the nickel borocarbide ScNi2B2C [3,7,12,15,19], to the best of our knowledge no ex-
perimental or theoretical work has been performed for the electronic, lattice dynamic and electron-phonon
interaction properties of this superconductor. Our previous work [43] shows that the density functional
theory [45] provides a trustworthy framework for implementing from first principles the Migdal-Eliashberg
approach for calculating the superconducting properties of borocarbide superconductors. Thus, in the light
of our previous work [43], we have studied the structural and electronic properties of ScNi2B2C and com-
pared them with the results for LuNi2B2C [43]. As expected, a qualitatively similar electronic structure
is found with appreciable contributions from all sites. A density functional linear response approach has
then been used for a detailed investigation of lattice dynamics and electron–phonon interaction properties
of ScNi2B2C. Our electron-phonon interaction calculations reveal that ScNi2B2C is a conventional with
medium electron phonon coupling parameter of 0.93 in which the relatively high Tc of 16.28 K arises from
a large value of the density of states at the Fermi level.
2 Theory
Our calculations have been performed using the Quantum-Espresso (QE) package [45] which is based on
the density functional theory (DFT) for total energy calculations. Ultrasoft pseudopotentials [46, 47] are
used to simulate interactions of valence electrons with ion cores, and the electron wave function is expanded
in plane waves up to an energy cutoff of 60 Ry for all calculations. The exchange–correlation energy is
evaluated using the generalized gradient approximation (GGA) of the Perdew–Burke–Ernzerhof (PBE)
formalism [48], which is dependent on both the electron density and its gradient at each space point.
The Kohn-Sham equations [49] are solved using an iterative conjugate gradient scheme, employing a set of
Monkhorst-Pack special k points [50]. Integration over the Brillouin zone (BZ) for total-energy calculations
has been performed using the 8×8×8 zone-centred grid, producing 59 k points in the irreducible part of
the BZ (IBZ). The self-consistent electronic structure calculations are carried out by using the 24×24×24
zone-centred grid, producing 1063 k points in the IBZ.
The phonon spectrum and electron-phonon coupling functions are calculated using the linear response
method within the generalized gradient approximation [43, 45, 51]. The Brillouin zone integrations for
charge self-consistency during linear response phonon calculations are carried out using a 8×8×8 grid of k
points. The calculation of dynamical matrices for ScNi2B2C are carried out using a 4×4×4 grid resulting
in 13 irreducible q points. Then, these dynamical matrices are Fourier transformed to calculate phonons
for any chosen k point. The phonon density of states and the electron-phonon matrix elements are then
used to obtain the Eliashberg spectral function from which the superconducting properties of the materials
are achieved. Fermi-surface sampling for the evaluation of the electron-phonon matrix elements has been
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performed by using 24×24×24 k-mesh with a Gaussian width 0.01 Ry. The phonon density of states and
the Eliashberg function are also calculated by using this k-mesh.
3 Results
3.1 Structural and Electronic Properties
ScNi2B2C crystallizes in the body centered tetragonal LuNi2B2C-like layered structure with space group
I4/mmm. Its primitive unit cell includes one formula unit (six atoms), and the atoms occupy the Wyckoff
positions 2(a) [(0,0,0)] for Sc, 4(d) [(0, 1/2, 1/4), (1/2, 0, 1/4)] for Ni, 4(e) [(0, 0, z), (0, 0,-z)] for B
and (2b) [(0, 0, 1/2)] for C, where z is the internal free coordinate. Thus, this structure is defined by
two lattice parameters, a and c, and one internal structural parameter, z. To start with, the structural
optimization of ScNi2B2C has been carried out using the total energy minimization and zero atomic force
criteria. The values of bulk modulus (B) and its pressure derivative (B
′
) have been found by minimizing the
crystal total energy for different values of crystal volume and using the Murnaghan equation of state [52].
Our results of the calculated lattice constants (a and c), bulk modulus (B), its pressure derivative (B
′
),
and the optimized internal parameter (z) are presented Tab. 1. As can be seen from this table, available
experimental results for the lattice parameters (a and c) are not very consistent with each other. However,
our theoretical results for a and c differ from the latest experimental values [19] of 3.35 A˚ and 10.68 A˚ by
1.2% and 0.6%, respectively. To the best of our knowledge, experimental data are not available for bulk
modulus and its pressure derivative.
Fig. 1(a) shows the atomic arrangement in the tetragonal unit cell of ScNi2B2C, and selected bond-
lengths and bond angles are presented in Tab. 1. This structure consists of tetrahedrally bonded, square
Ni2B2 layers, separated by square rocksalt like ScC. Very strong boron-carbon bonds join the two layers.
In this structure, each nickel atom coordinates with four boron atoms, generating a distorted tetrahedra
with two different angles (α and β in Fig. 1(a)). The coordination sphere of nickel atom is completed by
four neighboring nickel atoms with the interatomic distance of 2.398 A˚. This can be considered a strong
Ni-Ni metallic bond because the Ni-Ni distance in ScNi2B2C is considerable shorter than the corresponding
distance value of 2.49 A˚ in the fcc nickel structure. The Ni-B distance is found to be 2.063 A˚ which is slightly
shorter than the sum of the covalent radii for Ni and B of 2.08 A˚. Each boron has five–fold pyramidal
coordination with four nickel atoms and one apical carbon atom. The shortest interatomic distance in the
structure occurs for B-C (1.481 A˚), considerably shorter than the sum of the covalent radii for B and C of
1.54 A˚. Thus, we can conclude that the B and C atoms are bonded not only by ionic interaction, but also
covalently. The same conclusion can be made for the Ni and B atoms. As a consequence, the bonding in
the ScNi2B2C structure is primarily of covalent-ionic nature with the existence of some metallic character.
The Brillouin zone of body-centered tetragonal lattice is shown in Fig. 1(b). Fig. 2 (a) presents the
calculated energy band structure of ScNi2B2C along several high-symmetry directions which are shown
in Fig. 1(b). For the sake of comparison, the electronic structure of LuNi2B2C is also shown in Fig. 2
(b). The electronic structures of both materials look similar to each other. This result is totally expected
because these materials are isostructural as well as isoelectronic to each other. In our previous work [43], we
have discussed the electronic structure of LuNi2B2C in detail and thus we will only discuss the electronic
structure of ScNi2B2C in this work. Several bands cross the Fermi level, rendering clear metallic nature
of the system. Due to the strong covalent interaction between constituents, the dispersion bands along
the [001] direction (Γ-Z) is analogous to that in the plane (Γ-X), indicating three-dimensional character
of the band structure. In order to analysis the nature of the electronic structure in detail, the total and
the angular momentum decomposition of the atom projected density of states (DOS) for ScNi2B2C are
calculated. Fig. 3 illustrates the total, and s, p, and d projected DOS at the Sc, Ni, B and C atomic sites.
The lowest band in the energy region from -14.0 to -12.7 eV consists of C 2s states and is separated by a
gap of 1.9 eV from the higher valence band region. The orbital character of the higher valence band region
complex, which starts at around -10.8 eV, changes gradually from B 2s to B 2p-C 2p and finally to Ni
3d states near the Fermi level. We can see that the DOS features below -8.2 eV are mainly contributed
by B and C electronic states. Furthermore, B s and C p exhibit strong hybridization with each other in
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the range -10.8 to -8.2 eV, revealing strong B-C covalent bonding. The energy range from -8.2 to -4 eV is
predominated by the Ni, B and C atoms with only a weak mixture of Sc atoms. In the energy window from
-4 to -1 eV, the DOS peaks arise from Ni-3d like bands with low E(k) dispersion in this energy region.
These states participate in metallic like Ni-Ni interaction. A notable feature in the electronic structure
is the presence of almost flat bands along the Γ-X and Γ-P symmetry lines, which give rise to a peak
in the DOS very close to the Fermi level. This peak is mainly dominated by Ni atoms with appreciable
contributions from all other constituents Sc, B, and C as well. The Fermi level occurs near the top of this
peak. This may be one of the reasons for this material to become superconductor since Cooper pairs in the
BCS theory are produced by electrons which have energies close to the Fermi energy. A similar observation
has been made for LuNi2B2C. As a consequence, we can conclude that the band structures of ScNi2B2C
and LuNi2B2C are very similar to each other. Our electronic calculations produce the value of density of
states at the Fermi level (N(EF )) to be 3.33 States/eV which is comparable to the corresponding value
of 3.64 States/eV for LuNi2B2C [43]. The contributions of Sc, Ni, B and C elements to N(EF ) are about
20%, 61%, 15% and 4%, respectively. In particular, the orbital characters at EF consist of Ni d, Sc d, B
p, Ni p and C p. The contributions of these electronic states to N(EF ) are about 46%, 19%, 13%, 13%
and 3%, respectively. Although N(EF ) is mainly dominated by Ni atoms, all four atoms are involved in
the formation of bands just below and above the Fermi level. In particular, the second largest contribution
to N(EF ) comes from Sc d states because Sc is not fully ionized to the 3+ state. Hence, it is expected
that electrons responsible for the superconductivity are mainly of d character of Ni and Sc atoms. Finally,
the calculated Fermi surface of ScNi2B2C is illustrated in Fig. 4. As noted in Fig. 3, the characters of the
Fermi surface are primarily constituted by Ni 3d, Sc 3d, Ni 4d, and B and C 2p states. The features of
this complex Fermi surface are similar to those of LuNi2B2C [53].
3.2 Phonons and electron-phonon interaction
The zone-centre phonon modes for ScNi2B2C can be categorized by the irreducible representation of the
point group D4h (4/mmm). As obtained from the group theory, the symmetries of the optical zone-centre
phonon modes are:
Γ(D4h) = 3Eu + 3A2u +B1g + 2Eg +A1g,
with A, B and E modes being singly, singly and doubly degenerate, respectively. The frequencies of these
zone-centre phonon modes are given together with their electron-phonon coupling parameters (λ) in Tab. 2.
As can be seen from this table, the electron-phonon coupling parameters of the B1g and A1g phonon modes
are considerably larger than the corresponding values for the remaining phonon modes. The eigenvector
representations, displayed in Fig. 5, clearly suggest these phonon modes dynamically modify the tehra-
hedral bond angles in NiB4 and consequently make large contribution to the electron-phonon coupling
parameter. We note that the A1g phonon mode contains vertical B vibrations which can stretch/compress
the linear B-C-B bonds. However, we can not say that these phonon modes are crucial for superconductivity
in ScNi2B2C because their electron-phonon coupling parameters are too low to produce the superconduct-
ing transition temperature around 16 K. Furthermore, the electron-phonon coupling parameters of these
phonon modes diminish considerably with increased q wave vector, as can be seen from Fig. 6.
For a realistic discussion of electron-phonon coupling parameter λ it is important to examine the electron-
phonon matrix element involving phonons of all polarizations throughout the Brillouin zone. We present the
results for the phonon dispersion relations for ScNi2B2C in Fig. 7(a) along several symmetry directions. For
the sake of comparison, the phonon dispersion curves of LuNi2B2C are also shown in Fig. 7(b). As we have
observed for their electronic band structures, the phonon band structures of ScNi2B2C and LuNi2B2C [43]
are similar to each other. As can be seen from Fig. 7(a), the total phonon spectrum of ScNi2B2C with
eighteen branches splits into four apparent regions. The three acoustic and six optical branches extend
up to 10.5 THz in the first frequency region. The acoustic phonon branches disperse up to 7.0 THz and
there is considerable degree of overlap between the acoustic and low-lying optical phonon modes in this
frequency region. The second frequency region from 11.2 to 14.8 THz contains seven optical branches
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which are also dispersive like the optical phonon modes in the first frequency region. These two regions are
separated from each other by a gap of 0.7 THz. The third region from 25.8 to 27.0 THz includes only one
optical phonon branch which is separated by a large gap of 11 THz from the seven optical phonon modes
distributed in the second region. The fourth region also contains only one optical phonon mode extending
from 39.8 to 40.4 THz. A large gap region of 12.8 THz separates the last two regions from each other. The
nature of the phonon spectrum can be understood much better by the total and partial phonon density of
states (see Fig. 8). Modes in the first phonon band region involve displacements of all four atomic species.
We remark that the contribution of Ni atoms is strongest between 4.8 and 5.9 THz and almost vanishes
above the first phonon band region. Thus, Ni atoms contribute to acoustic phonon branches and low-lying
optical phonon branches. Large overlap between B and C vibrations exist between 10.5 and 14.8 THz due
to the strong covalent bonding between these atoms. The sharp peak at around 26.3 THz is formed by the
vibrations of B atoms while the strong peak at around 39.9 THz arises from the coupled motion of B and
C atoms.
The most remarkable feature in the phonon spectrum of ScNi2B2C is the anomalous dispersion relations
of the first transverse acoustic branch (TA1) and the A2u branch ( see Fig. 7(a)). In order to examine the
effect of these softenings on electron-phonon interaction in ScNi2B2C, we have plotted the mode-dependent
electron-phonon coupling parameter λq,j of these phonon modes in Fig. 9(a). This figure reveals that the
anomalous dispersion of these phonons produces large electron-phonon coupling parameters. We have
to mention that a similar observation has been mode for the electron-phonon interaction in LuNi2B2C,
YPd2B2C and YPt2B2C in our previous ab initio work [43]. The electron-phonon coupling parameter of
TA1 branch reaches its largest value of 1.19 at q =
2pi
a
(0.5, 0.0, 0.0) which is much larger than the electron-
phonon coupling parameter of the zone-center A1g phonon mode (see Fig. 9(a)). Now, it will be rewarding
to analyze the eigenvector representation of the TA1 phonon mode at at q =
2pi
a
(0.5, 0.0, 0.0) which is
shown in Fig. 9(b). As can be seen from this figure, this phonon mode is created by the coupled motion
of Ni, B and C atoms. Thus, the atomic displacement pattern of this phonon mode strongly modulates
the NiB4 bond angles which gives rise to significantly large electron-phonon coupling parameter for this
phonon mode.
To find the strengths with which the different modes of atomic vibration couple to electrons, and thus are
skillful in effectuating the superconducting properties most, we illustrate the Eliashberg spectral function
α2F(ω) in Fig. 10. From the integration of the Eliashberg spectral function one can obtain the average
electron-phonon coupling constant λ, which represents a good measure of the overall strength of the
electron-phonon interaction: it is given by
λ = 2
∫
α2F (ω)
ω
dω. (1)
From the above equation, the value of λ is determined to be 0.93 which obviously shows that the electron-
phonon interaction in this material is of medium strength. This value is comparable to the electron-phonon
coupling parameter of 0.83 for LuNi2B2C [43]. A critical assessment of the Eliashberg spectral function
reveals the importance of acoustic and low-frequency optical phonon modes in the lowest phonon band.
It is worth to mention that the value of the electron-phonon coupling parameter increases rapidly with
rising frequency in this frequency range. The phonon modes in this region contribute about 77% (0.72) to
λ. The second largest contribution to λ within around 20% comes from the phonon modes between 11.2
and 14.8 THz. This contribution is acceptable because the coupled B-C atomic vibrations are dominant
in this frequency region and B and C orbitals make much lesser contributions to N(EF ) compared to the
contribution of Ni orbitals. The contributions of A1g and A2u phonon modes to λ are around 2% and 1%,
respectively. From the analysis presented above, we can conclude that the three acoustic phonon branches
and low-frequency optical phonon branches are more involved in the process of scattering of electrons than
high-frequency optical phonon modes.
Finally, the value of the superconducting transition temperature Tc can be calculated from the Allan-
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Dynes modification of the McMillian formula [54]
Tc =
ωln
1.2
exp
(
−
1.04(1 + λ)
λ− µ∗(1 + 0.62λ)
)
, (2)
which connects Tc with λ, the logaritically averaged phonon frequency ωln = exp
(
2λ−1
∫
∞
0
dω
ω
α2F (ω) lnω
)
,
and the effective screened Coulomb repulsion constant µ∗. The value of µ∗ is taken to be 0.10 while the value
of ωln is computed to be 263.58 K. Putting the values of λ, ωln and µ
∗ into the Allan-Dynes modification
of the McMillian formula, the value of Tc is obtained to be 16.28 K, which is surprisingly is very close the
experimentally measured value of around 16.0 K [15]. Furthermore, the electron–phonon coupling constant
λ also enters the electronic specific heat coefficient γ, which is given as
γ =
1
3
pi2k2BN(EF )(1 + λ). (3)
Using this equation, the value of γ for ScNi2B2C is calculated to be 15.1 mJmol
−1K−2 which compares
very well with the calculated γ value of 15.7 mJmol−1K−2 for LuNi2B2C. However, no experimental data
is available for comparison. We, thus emphasize that in spite of its layered structure, superconductiv-
ity in ScNi2B2C can be explained in terms of the conventional BCS strong-coupling theory, similar to
LuNi2B2C [43].
From the several remarks made above about the similarity of some results between ScNi2B2C and
its isostructural compound LuNi2B2C, it would indeed be useful to make a comparison between their
superconducting properties by examining their electronic and phonon structures. A comparison of their
superconducting parameters has been presented in Tab. 3. It is well known that there are three main
factors which influence Tc for the BCS-type superconductors. These factors are the electronic DOS at
the Fermi level (N(EF )), the logarithmic average phonon frequency (ωln), and the strength of electron-
phonon coupling parameter (λ). As regards the electronic structure, the value of N(EF ) decreases from
3.64 States/eV to 3.33 States/eV when our material is changed from LuNi2B2C to ScNi2B2C. This change
modulates the value of λ because it is directly related to the change in N(EF ) according to the McMillan-
Hopfield expression λ = N(EF )<I
2>
M<ω2>
, where < I2 > is the averaged square of the electron-phonon matrix,
< ω2 > is the averaged square of the phonon frequency, and M is the mass involved. However, λ of
ScNi2B2C is slightly larger than that of LuNi2B2C. In order to explain this difference, we should examine
the lattice dynamical properties of these materials. The value of ωln for ScNi2B2C is smaller than that for
LuNi2B2C. Although softer phonon frequencies give rise to smaller ωln (see Tab. 3), they make a positive
contribution to the electron-phonon coupling parameter due to the McMillan-Hopfield expression. Thus,
the smaller value of ωln for ScNi2B2C makes its λ larger than that of LuNi2B2C. As a consequence, the
value of Tc for ScNi2B2C is slightly larger than that for LuNi2B2C.
4 Summary
In this work, we examined the structural, electronic, lattice dynamical and electron-phonon interaction
properties of ScNi2B2C adopting the body-centered tetragonal LuNi2B2C structure by using the general-
ized gradient approximation of the density functional theory and the plane wave ab initio pseudopotential
method. Our results suggest a three dimensional electronic structure for this compound with significant
contributions from all of the constituent atoms to its metallic character, although the largest contribution
to N(EF ) comes from Ni atoms. The Fermi level falls on the peak of its electronic density, providing
the first reason for this material to become superconductor. The most interesting features in the phonon
spectrum of this material are the phonon anomalies of TA1 and A2u branches along the Γ-G1-Z symmetry
direction. We have shown that these phonon anomalies make large contribution to the average electron-
phonon coupling parameter of ScNi2B2C. Thus, we believe that this is the second reason for this material
to become superconductor. Our calculations reveal that the electronic and phonon band structures of
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ScNi2B2C and LuNi2B2C are similar to each other in several respects and thus these borocarbides have
very similar superconducting properties.
A critical assessment of the Eliashberg spectral function suggests that acoustic and low-frequency optical
branches more involved in the progress of scattering of electrons rather than high-frequency optical phonon
modes. More particularly, our electron-phonon interaction calculations suggest a conventional electron-
phonon mechanism for superconductivity in ScNi2B2C involving acoustic and low-frequency optical phonon
modes that dynamically modulate the NiB4 tetrahedra angles. The average electron-phonon coupling
parameter is calculated to be 0.93, suggesting that ScNi2B2C is a phonon-mediated superconductor with
medium electron-phonon coupling strength. Using the Allen-Dynes modified McMillian equation with the
screened Coulomb pseudopotential parameter µ∗ = 0.10, the superconducting temperature is estimated to
be 16.28 K which compares very well with the experimentally reported value of 16.0 K.
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Table 1. Lattice parameters (a and c), internal parameter (z), bulk modulus (B) and the pressure derivative of bulk modulus its pressure
derivative (B
′
) for ScNi2B2C and their comparison with previous experimental and theoretical results. Selected interatomic separations (in A˚)
and angles (α and β (in degrees) shown in Fig. 1) are also presented.
Source a(A˚) c(A˚) z dNi−Ni dB−C(A˚) dNi−B(A˚) αB−Ni−B βB−Ni−B B(GPa) B
This work 3.39 10.62 0.3606 2.398 1.481 2.063 108.92o 110.58o 197.5 4.4
Experimental [3, 7] 3.34 10.21 2.362
Experimental [15] 3.54 10.55 2.503
Experimental [12] 3.34 10.68
Experimental [19] 3.35 10.68
Table 2. The zone-center phonon modes (ν in THz) and their electron-phonon coupling parameters (λ) for ScNi2B2C.
Mode Eu A2u B1g Eg Eu A2u Eu Eg A1g A2u
ν 4.325 4.788 5.842 9.662 12.129 13.694 13.809 14.302 26.992 39.35
λ 0.014 0.018 0.078 0.0146 0.018 0.001 0.009 0.012 0.096 0.000
Table 3. Comparison of superconducting state parameters for ScNi2B2C and LuNi2B2C. The parameter µ
∗ is taken to be 0.10 for both super-
conductors.
Perovskite N(EF )(States/eV) ωln(K) λ TC(K)
ScNi2B2C 3.33 265 0.93 16.28
LuNi2B2C [43] 3.64 315 0.83 15.94
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Figure 1. (a) The tetragonal unit-cell of ScNi2B2C. This structure basically contains NiB4 tetrahedra between layers of ScC with
rocksalt structure. (b) The Brillouin zone of body-centered tetragonal lattice. The high-symmetry points in the Brillouin zone in
cartesian coordinates are: Γ = 2pi
a
(0.00, 0.00, 0.00), G1= 2pi
a
(( 1
2
+ a
2
2c2
), 0.00, 0.00), Z = 2pi
a
(1.00,0.00,0.0) or Z = 2pi
a
(0.00,0.00,a
c
), X=
2pi
a
(0.50,0.50,0.00), P= 2pi
a
(0.50,0.50, a
2c
), and N= 2pi
a
(0.0,0.50, a
2c
).Note that G1 is the zone boundary in the [100] direction. [Huseyin, I
think that this BZ is for fcc lattice, but we need the BZ for bct (body centered tetragonal) lattice. What do you think?]
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Figure 2. The electronic band structure for body-centered tetragonal ScNi2B2C along several symmetry directions of the
body-centered tetragonal Brillouin zone (see Fig. 1(b)). The Fermi level is fixed to 0 eV. (b) The electronic band structure of LuNi2B2C.
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Figure 3. Total and partial electronic density of states for body-centered tetragonal ScNi2B2C.
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Figure 4. The calculated Fermi surfaces of ScNi2B2C. The characters of Fermi surfaces are primarily constituted by Ni 3d, Sc 3d, Ni
4d, and B and C 2p states.
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Figure 5. Eigenvector representations of the zone-centre B1g and A1g phonon modes in body-centered tetragonal ScNi2B2C.
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Figure 6. Calculated wavevector-dependent electron-phonon coupling parameter of the A1g phonon mode for ScNi2B2C along the
[100] symmetry direction.
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Figure 7. (a) Calculated phonon dispersion relations for body-centered tetragonal ScNi2B2C. The anomaly of the lower-lying
transverse acoustic branch (TA1) is shown by the red solid line and the anomaly of the A2u branch is shown by the blue solid line. (b)
Calculated phonon dispersion relations for body-centered tetragonal LuNi2B2C. Again the anomaly of the A2u branch is shown by the
blue solid line. In contrast to ScNi2B2C, the lowest transverse acoustic branch (TA1) does not show any anomaly.
Inelastic-neutron-scattering results [55] and Raman results are shown by red squares and blue circles [56], respectively.
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